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Abstract: The first targeted agents approved for non-small cell lung cancer (NSCLC) treat- 
ment, the epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs) gefitinib 
and erlotinib, have an impressive activity in the presence of activating mutations of the EGFR 
gene. However, all patients develop acquired resistance principally through secondary mutations 
(T790M), HER2 amplification, MET amplification, and other molecular aberrations. An attempt 
to overcome EGFR TKI resistance has been through the development of irreversible blockers. 
Afatinib is an irreversible inhibitor of the tyrosine kinase activity of all members of the HER 
family. The pharmacologic properties of afatinib (formation of covalent bonds, inhibition of 
other family members, and in vitro and in vivo activity on T790M mutation positive tumors) 
made this drug particularly appealing to study in clinic. Therefore, an intense program of clinical 
research (LUX-Lung program) was started and clinical results have shown very encouraging 
activity profiles in patients harboring EGFR activating mutations and in those with acquired 
resistance to reversible TKIs. 
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Introduction 

The inhibition of the epidermal growth factor receptor (EGFR), a tyrosine kinase recep- 
tor commonly overexpressed or aberrantly active in epithelial cancers, has been shown 
to be a successful strategy in the treatment of patients with non-small cell lung cancer 
(NSCLC). '-^ Based on the results of several Phase III clinical trials,^"^ erlotinib and 
gefitinib were the first two targeted agents to be approved for clinical use in NSCLC 
all over the world with diverse indications. These drugs are two small molecules that 
selectively inhibit the tyrosine kinase activity of the receptor (tyrosine kinase inhibi- 
tors, TKIs). Erlotinib and gefitinib belong to the first generation of TKIs and have 
reversible binding features. The principal predictive factor for response to such drugs 
is the presence of somatic "activating" mutations in the EGFR gene that cause an aber- 
rant and constitutive activation of the receptor at the membrane level, resulting in a 
growth advantage of tumor cells through the activation of Ras/MAPK, PI3K/Akt, and 
STAT signaling pathways.^ In the specific group of NSCLC patients bearing EGFR 
mutation (about 10%-15% of Caucasian and up to 40% of Asian patients) treatment 
with EGFR TKIs provides higher response rates (55% up to 85%), longer progression- 
free survival (PFS, from 8.4 months to 13.1 months), and better quality of life (QoL) 
compared to classical chemotherapy.'"^ Although about 70% of patients are likely to 
respond to the anti-EGFR treatment, virtually all of them progress after a median of 
9-12 months from treatment commencement.'"* Rebiopsy based research programs 
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have identified several mechanisms through which EGFR- 
addicted lung tumors can overcome the beneficial effect of 
TKIs. In about 50% of cases, a secondary mutation (T790M) 
is supposed to be responsible for resistance.' '" Other mecha- 
nisms involve AffiT gene amplification (5%-20%)," PI3KCA 
gene mutations (5%), HER2 gene amplification (13%),'^ 
and small-cell histologic transformation (5%-15%).'^"" 
Overlap among mechanisms of acquired resistance may 
be observed in a small percentage of tumors.'^ However, 
in 30% of cases, a clear mechanism of acquired resistance 
remains unknown. 

Several approaches to overcome acquired resistance are 
under investigation. The first and more intuitive attempt 
has been combining reversible EGFR TKIs to other target 
agents, such as anti-MET antibodies and small molecules, 
mTOR blockers, anti-HER2 drugs, and histone deacety- 
lase (HDAC) inhibitors. Dual pathway inhibition through 
multi-target drugs is also being explored. Another attempt 
to overcome resistance is through irreversible EGFR 
TKIs, which are small molecules forming covalent bonds 
to EGFR and have the characteristic of inhibiting HER2 
as well. The rationale for the development of this type of 
inhibitors is strong. The mutation T790M is localized at 
codon 790 on exon 20 of EGFR and results in the change 
of threonine to methionine at the protein level. The amino 
acid change causes steric hindrance to EGFR TKIs in crystal 
analysis and/or increased affinity for adenosine triphosphate 
(ATP).''' '^ Consequently, reversible EGFR TKIs can no 
longer bind to the receptor or cannot efficiently compete 
for the ATP-binding site. Recent studies suggest that the 
mutation may be present within tumors before TKI treat- 
ment and that the clones harboring such a mutation may 
become dominant after TKI selection pressure."' " On 
the basis of these observations, irreversible EGFR TKIs 
were developed with the aim of overcoming the molecular 



aberration through the formation of covalent bonds in the 
pocket of the catalytic site. 

Afatinib (BIBW 2992; Boehringer-Ingelheim Pharma, 
Ingelheim, Germany) is an irreversible pan-HER inhibitor 
that blocks all the members of the HER family with tyrosine 
kinase properties (EGFR, HER2, and HER4). In vitro and 
in vivo preclinical studies showed interesting antitumor 
activity of this compound. Consequently, an intense program 
of clinical research (LUX-Lung program) was developed 
(Table 1) and is currently ongoing in several categories of 
NSCLC patients {EGFR-vcmiatQd and wild type tumors; 
reversible EGFR TKIs naive or resistant patients; adenocar- 
cinoma and squamous cell carcinoma histology). The first 
four clinical trials were published and ongoing reports are 
available for others. In June 2013, based on the results of 
LUX-Lung 3, the US Food and Drug Administration (FDA) 
approved afatinib for first-line treatment of patients with 
EGFR-m\xt?AQA NSCLC. 

The aim of the present article is to critically review the 
clinical trials exploring afatinib efficacy in lung cancer and 
to compare, when possible, this novel agent to available 
treatments. 

Afatinib pharmacology 

Pharmacodynamics 

Afatinib is an ATP-competitive aniline-quinazoline com- 
pound with a reactive acrylamide group that irreversibly binds 
to cysteine residues within the kinase domain of EGFR and 
HER2 (Cys797 and Cys805, respectively).'* The structure of 
afatinib is shown in Figure 1 . A more recent study showed 
that afatinib is also an irreversible inhibitor of HER4, bind- 
ing the cysteine in position 803 . " The half maximal effective 
concentration (EC^^) values for EGFR, HER2, and HER4 
are 0.5, 14 and 1 nM, respectively." Compared to erlotinib 
and gefitinib, afatinib shows lower EC^^ values and greater 



Table 1 LUX-Lung clinical development program 


LUX-Lung 


Phase 


Enrollment 


Treatment 


Target population 


Primary 


study 




(patients, n) 






end point 


1 


lib/Ill 


585 


Afatinib vs placebo 


1-2 CT lines and eriotinib/gefitinib-resistant 


OS 


2 


II 


129 


Afatinib 


EGFR mut+, 0-1 prior CT line 


RR 


3 


III 


330 


Afatinib vs CDDP + PEM 


EGFR mut+, treatment naive 


PFS 


4 


l/ll 


72 


Afatinib 


1-2 CT lines and eriotinib/gefitinib-resistant 


Phase 1: safety 












Phase II: RR 


5 


III 


1,155 


Afatinib + TXL vs CT 


Eriotinib/gefitinib-resistant, afatinib-resistant 


PFS 


6 


III 


364 


Afatinib vs CDDP + Gem 


EGFR mut+, treatment naive 


PFS 


7 


lib 


316 


Afatinib vs gefitinib 


EGFR mut+, treatment naive 


PFS, TTP, OS 


8 


III 


800 


Afatinib vs erlotinib 


1 prior CT line, SqCC histology 


PFS 



Abbreviations: CDDP, cisplatin; CT, chemotherapy; EGFR mut+, epidermal growth factor mutation positive; Gem, gemcitabine; OS, overall survival; PEM, pemetrexed; 
PFS, progression-free survival; RR, response rate; SqCC, squamous cell carcinoma; TTP, time to progression; TXL, paclitaxel. 
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Figure I Afatinib chemical structure. 

potency against wild type (afatinib vs erlotinib vs gefitinib: 
60 nM vs 1 10 nM vs 157 nM) and L858R-mutated EGFR 
(afatinib vs erlotinib vs gefitinib: 0.7 nM vs 40 nM vs 5 nM).'^ 
Moreover, afatinib is able to inhibit the kinase activity in 
vitro and in animal models when a resistant T790M muta- 
tion is concomitant to a sensitivity mutation."* The EC^^ in 
this case is 99 nM. 

The pharmacologic properties of afatinib make this 
compound particularly attractive for overcoming resistance 
to first-generation TKIs. First, afatinib binds ErbB family 
members with covalent bonds and this translates into a 
complete and sustained abolition of the kinase activity of 
the receptor. Moreover, afatinib is active in vitro and in 
vivo in the presence of "secondary" mutations, a mechanism 
responsible for 50%-60% of cases of resistance.' '" Finally, 
afatinib inhibits HER2, which is the preferential dimerization 
partner of EGFR and whose gene amplification is responsible 
for acquired EGFRTKI resistance in 10%-15% of patients.'^ 
These findings supported the clinical development of this 
novel agent both in EGFR-nmtated and wild type patients 
and in EGFR TKI naive and pretreated patients. 

Pharmacokinetics 

The first study exploring afatinib pharmacokinetics was 
conducted on eight healthy male volunteers, who received 
a single oral dose of radiolabeled afatinib (corresponding 
to 22.2 mg of the formulation used in clinic).^" Excretion 
of afatinib was principally via feces (85.4%).^° Absorption 
was slow, with maximum plasma concentrations reached 
6 hours after administration. The mean terminal half-life 
was 33.9 hours in plasma.^" Authors found a high volume of 
distribution, indicating a high capacity of the compound to 
penetrate into tissues. Metabolism of afatinib was minimal, 
and in particular, oxidative metabolism by cytochrome P-450 
was negligible.^" 



Another Phase I study evaluated afatinib in 53 solid 
tumor patients who received the drug at 10-50 mg daily.^' 
Afatinib was well-tolerated with dose-limiting toxicities 
reported in only three patients (two with skin rash and one 
with pneumonitis).^' The recommended Phase II dose was 
50 mg daily. In a subgroup of patients (n=13), the effect of 
food on pharmacokinetic parameters was evaluated. Patients 
received afatinib at 40 mg daily after overnight fasting or a 
high-fat content breakfast. Food intake before dosing sensibly 
decreased afatinib disposition; therefore, the authors sug- 
gested that the drug is best administered after fasting.^' 

A recent meta-analysis including data from four 
Phase I trials and one Phase II trial showed moderate intra- 
individual variability in afatinib trough concentration values 
and moderate-to-high inter-patient variability in plasma 
concentrations.^^ The exposure to afatinib (as measured by the 
area under the curve [AUG] and peak concentration [C^^^]) 
correlated with the severity of the most common adverse 
events (diarrhea and rash).^^ This may explain the great vari- 
ability in toxicity profile observed in clinic. 

Efficacy studies 

Trials in first-line treatment 
of EGFR-mutated NSCLC 

One Phase II trial and three Phase III trials are investigating 
afatinib in ^GCT-mutated NSCLC.23-25 LUX-Lung 2 was a 
single arm Phase II trial that assessed the activity of two doses 
of afatinib (40 mg and 50 mg daily) as first- or second-line 
treatment of 1 29 NSCLC patients harboring EGFR mutations.^^ 
Ninety-nine patients started afatinib at 50 mg and 30 patients 
at 40 mg. A complete or partial response was observed in 79 
patients (61%), with no significant difference according to 
the starting dose.^^ As no apparent difference in activity was 
highlighted between the two groups of patients, 40 mg dosing 
was chosen for Phase III trials in early line setting. No signifi- 
cant difference was observed between patients receiving the 
experimental drug as first- or second-line treatment (66% vs 
57%, OR: 0.71, 95% confidence interval [CI]: 0.35-1.44).23 
Median PFS was 10.1 months and overall survival (OS) was 
24.8 months for all patients.^^ Notably, OS was 23.3 months for 
patients receiving afatinib as second-line treatment, while the 
number of events to calculate median OS is still insufficient in 
the first-line group, suggesting a potentially significant differ- 
ence in survival if afatinib is given as first or successive lines 
of treatment of EGFiJ-mutation-positive patients. 

The LUX-Lung 3 and LUX-Lung 6 Phase III trials con- 
firmed the interesting activity of afatinib and assessed its 
superiority compared to standard chemotherapy as front-line 
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therapy in the presence of EGFR mutations. In LUX- 
Lung 3, 345 patients were randomized (2:1 ratio) to receive 
afatinib 40 mg daily (n=230) or a combination of cisplatin and 
pemetrexed every 2 1 days (n=l 15).^" Patients were stratified 
by mutation type (exon 19 deletion, L858R, or other) and 
race (Asian or non-Asian). Median PFS was 11.1 months for 
afatinib compared to 6.9 months for chemotherapy (HR: 0.58; 
95% CI: 0.43-0.78; ^=0.001).^'' A slightly better PFS of 
13.6 months was detected in patients (n=308) with common 
activating mutations (exon 19 deletions and exon 21 point 
mutations) compared to the whole population. Patients also 
benefitted more from afatinib than chemotherapy in terms 
of response rate (56% and 23%, respectively).^* It is widely 
recognized that with target therapies, standardization of 
molecular testing assay and methodology is important to 
define the population to treat and assure reproducibility of 
results. Therefore, in LUX-Lung 3, EGFR status assessment 
was performed in central laboratories using a standardized 
allele-specific quantitative real-time polymerase chain reac- 
tion kit (Therascreen EGFR 29; Qiagen, Manchester, UK) 
that can detect up to 29 somatic EGFR mutations in paraffin- 
embedded tumors. Given the positive results of LUX-Lung 
3, the therascreen EGFR test received approval to market in 
the US, and currently, the FDA afatinib label requires this 
diagnostic assay.^'' 

Efficacy of afatinib in iJGT^iJ-mutation-positive patients 
was confirmed in the LUX-Lung 6 trial in 364 Asian 
patients. This study had the same design of LUX-Lung 3, 
differing only in the control chemotherapy regimen (cisplatin 
and gemcitabine) chosen for the unavailability of pemetrexed 
in some Asian countries. Recruitment is currently closed and 
preliminary data were presented at a poster session during 
the ASCO 2013 annual meeting.^^ Patients receiving afatinib 
compared to chemotherapy had a significantly prolonged 
PFS (11 vs 5.6 months, HR: 0.28, 95% CI: 0.20-0.39; 
P<0.0001) as well as higher response rate (RR; 66.9 vs 
23%;P<0.0001).2^ 

Recently, the analysis of afatinib efficacy in patients 
with uncommon EGFR mutations enrolled in LUX-Lung 
2, 3, and 6 was presented at the World Conference of Lung 
Cancer 2013.'' Of the 838 patients enrolled, 100 were found 
to harbor an uncommon EGFR mutation (de novo T790M, 
exon 20 insertions, and other) and 75 were treated with afa- 
tinib (Table 2). The enrollment of patients with uncommon 
mutations may have jeopardized the benefit reported for 
afatinib. Indeed, when patients with uncommon mutations 
are excluded, the PFS is prolonged from 11 to 13.6 months. 
However, given the interesting pharmacologic properties of 



Table 2 Afatinib in patients with uncommon EGFR mutations in 



the LUX-Lung 2, 3, and 6 trials- 


!7 






EGFR mutation 


Patients 


DD 

KK \/o) 


Dec 






(n) 




(nnonths) 


^months^ 


Exon 1 9 del + 


308 


60.8 


13.6 


NR 


Exon 2 1 point mut 










Exon 20 insertion 


20 


8.7 


2.7 


9.4 


De novo T790M 


14 


14.3 


2.9 


14.9 


G7I9X (exon 18) 


18 


78.0 


13.8 


16.9 


L86IQ (exon 20) 


16 


56.0 


8.2 


16.9 


S768I (exon 21) 


5 


100 


14.7 


NR 


Abbreviations: del, 


deletion: EGFR, 


epidermal growth factor: 


mut, mutation: 


n, number; NR, not reported: PFS, progression free survival: OS, overall survival: 



RR, response rate. 

afatinib, the enrollment of such patients was necessary to 
assess afatinib efficacy in this subgroup of NSCLC. One may 
argue that ad hoc studies in this subpopulation of patients 
should have been plaimed. However, in the group harboring 
exon 20 insertion or de novo T790M mutation, RR, PFS, 
and OS were extremely poor.^' For other uncommon muta- 
tions, including G719X and L861Q, which show limited 
sensitivity to reversible EGFR TKIs,^^ RR and PFS were 
notably improved.^' These findings open the possibility for 
patients with G7 1 9X and L86 1 Q mutations to be treated with 
a targeted agent, although further studies are warranted to 
develop a true, strong recommendation. Patients with other 
uncommon mutations should be best enrolled in trials with 
novel agents or treated with chemotherapy. 

The LUX-Lung 3 and 6 trials join a series of other 
trials comparing an EGFR TKI to chemotherapy for the 
front-line treatment of NSCLC with EGFR mutations. All 
these trials demonstrated a statistically significant and 
clinically meaningful difference in RR and PFS, although 
no study has demonstrated an OS improvement, which 
is likely due to extensive crossover between treatment 
arms.'"^ However, LUX-Lung 3 and 6 are the two largest 
registration trials conducted to date in EGFR-mutated 
patients, which strengthens the significance of their results. 
Moreover, LUX-Lung 3 is the only trial that used the real 
standard first-line treatment (cisplatin and pemetrexed) for 
the control arm rather than a platinum combination with 
taxanes or gemcitabine. Indeed, the PFS in the control arm 
is the highest ever registered in trials comparing EGFR 
TKIs to chemotherapy. 

Given the approval of three targeted agents for EGFR- 
mutation-positive NSCLC (erlotinib, gefitinib, and afatinib) 
with regulatory differences from country to country, 
a question is inescapable: is afatinib better than revers- 
ible TKIs for EGFR-mutated NSCLC patients? Although 
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a clinical trial comparing afatinib to gefitinib is already 
ongoing (LUX-Lung 7),^' no data are currently available. 
Comparisons between trials may be only speculative and 
may result in false conviction due to differences in trial 
designs, inclusion/exclusion criteria, methods, and statistical 
analysis, etc. With these premises, afatinib seems to perform 
better than erlotinib and gefitinib in terms of prolongation 
of PFS. Indeed, in patients with classical mutations, a PFS 
exceeding 1 3 months seems superior to the 9-10 months PFS 
seen in trials with reversible TKIs.'"**-^' This may be due to 
the delay in the appearance of acquired resistance to EGFR 
blockade that would be a great scientific goal if confirmed 
in the ongoing trial. Nonetheless, erlotinib, gefitinib, and 
afatinib should be currently considered as alternative and 
equivalent front-line treatment of EGFR-mutated NSCLC 
in the clinical setting and one should prefer one drug rather 
than another on the basis of the toxicity profile, cost, and 
patient choice. 

Trials in NSCLC with acquired 
resistance to reversible EGFRTKIs 

Two trials addressed the question as to whether afatinib is 
active in patients resistant to erlotinib or gefitinib. LUX- 
Lung 1 was a Phase Ilb/III study including 585 patients 
with advanced lung adenocarcinoma who progressed after 
one or two lines of chemotherapy and 12 or more weeks 
of either erlotinib or gefitinib treatment.'" Notably, EGFR 
mutational status was not an inclusion criterion. Patients 
were randomly allocated (2: 1) to receive afatinib 50 mg daily 
plus best supportive care (BSC) or placebo plus BSC. The 
experimental drug significantly improved PFS compared to 
placebo (3.3 vs 1.1 months, HR: 0.38, 95% CI: 0.31-0.48; 
/'<0.0001).''' Moreover, responses were more frequent in 
the afatinib group than in the placebo group (7% vs <1%, 
respectively).'" However, the primary end point of the study 
was not met; median OS was 10.8 months for afatinib and 
12.0 months for placebo (HR: 1.08, 95% CI: 0.86-1.35; 
P=0J4)?° Several confounding elements can be identified 
in this study. First of all, it was designed on the assumption 
of an OS of 4.7 months in the control arm. However, this 
group of patients showed an extraordinary median survival 
of 12 months, probably due to the enrichment in tumors with 
less aggressive biology. Moreover, a greater proportion of 
patients in the placebo group received further treatment com- 
pared to the experimental arm (79% vs 68%, respectively).'" 
Eventually, the most impacting element in this trial is the 
lack of biological selection of patients. No information 
about EGFR mutational status was required to enroll in the 



study and the molecular mechanism underlying the clinical 
resistance was unknown. Therefore, although subjects more 
likely to harbor EGFR mutations were clinically selected, 
the population was a potpourri of patients with wild-type 
EGFR (commonly insensitive to EGFR inhibition), mutated 
EGFR, and among the last group, patients harboring several 
molecular mechanisms of resistance. Indeed, when a post- 
hoc analysis was performed on patients with known EGFR 
mutational status who met Jackman's criteria for acquired 
resistance," translating into an enrichment of patients with 
real acquired resistance to EGFR TKIs, the PFS difference 
was more in favor of afatinib (4.5 vs 1.0 months). In addi- 
tion, afatinib should be active in patients with the T790M 
mutation and in those with HER2 amplification, representing 
60%)-70% of the resistant population. The scientific rationale 
of giving afatinib to patients with other acquired molecular 
aberrations after resistance has occurred is not very strong. 
Indeed, a recent preclinical study shows how in the presence 
of acquired MET amplification and HGF overexpression, 
afatinib monotherapy is unable to inhibit the growth of 
cells that were originally sensitive to first-generation EGFR 
TKIs.'^ Eight patients enrolled in the study were known to 
harbor a T790M mutation on archival tissue collected at 
diagnosis, but authors provided no information on the out- 
come of these patients.'" It is likely that better selection on 
the basis of EGFR mutational status and acquired resistance 
mechanism would have translated into positive results also 
for the principal end point (OS). 

LUX-Lung 4 is an exploratory Phase II trial in Japanese 
patients with advanced lung adenocarcinoma who failed one 
to two lines of chemotherapy and progressed on erlotinib 
and/or gefitinib." In this study, EGFR status was available 
for a substantial proportion of patients (56 out of 62 patients, 
90.3%). Surprisingly, in EGFR wild type patients, RR was 
higher than in iJGi'TJ-mutation-positive patients (27% vs 
4.5%), respectively)." In particular, two patients were proved 
to harbor a concomitant T790M mutation at progression 
and showed stable disease for 9 months and 1 month, 
respectively." Therefore, no conclusion can be drawn for the 
small number of patients and the huge difference of outcome. 
Overall results of LUX-Lung 4 are similar to LUX-Lung 1 
(RR: 8.2%, PFS: 4.4 months, OS: 19.0 months) and in this 
case, the same criticisms are valid. 

Considering the above mentioned potential biases of the 
two studies, no conclusion can be currently drawn based 
on LUX-Lung 1 and 4, and fiirther studies using validated 
biomarkers are urgently warranted to clarify if afatinib is 
active in EGFRTKI-resistant patients. Encouraging data for 
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the treatment of this category of NSCLC patients have come 
from a Phase Ib/II trial in which afatinib was combined with 
cetuximab.^* The trial enrolled patients with NSCLC who had 
acquired resistance to erlotinib or gefitinib. The rationale of 
the combination lies in some preclinical work in which mice 
with EGFR-mutated lung cancer and acquired resistance to 
EGFR TKIs showed tumor regression under treatment with 
afatinib and cetuximab.^^ In the clinical trial, results from 
the first 96 evaluable patients showed impressive objective 
response rate (ORR) and disease control rate (DCR; 30% and 
75%, respectively).'" Response to treatment was observed 
both in patients bearing a T790M mutation or other mecha- 
nisms of resistance. 

Trials in EGFR wild type NSCLC 

The LUX-Lung program does not consider studies in EGFR 
wild type patients. Only the LUX-Lung 8 study is enrolling 
patients with squamous histology that per definition should 
harbor no mutation in EGFR. Patients are randomized to 
receive either afatinib or erlotinib as second-line treatment 
after platinum-based chemotherapy. The trial is still ongo- 
ing and no preliminary result has yet been released. The 
only available data in wild type patients come from other 
studies sub-analysis. For example, in 45 patients enrolled 
in LUX-Lung 1 with no EGFR mutation, afatinib did not 
show a great activity profile.'" No difference in PFS was 
reported for the afatinib group compared to the placebo one 
(2.8 vs 1.8 months, HR: 0.61, 95% CI: 0.27-1.35; P=0.22)."' 
Nonetheless, these results were obtained on a small number of 
patients and the study was not designed to address the specific 
question of studying afatinib in EGFR wild type patients. The 
results of LUX-Lung 8 will provide more robust data in the 
squamous histology. However, further studies are needed in 
EGFR wild type patients with other histology subtypes. 



Safety and tolerability 

Toxicity profile 

Afatinib is a potent irreversible inhibitor of the tyrosine 
kinase activity of all the ErbB family receptors." EGFR 
and other receptors of its super-family are necessary for 
maintaining mucosal and skin integrity and promoting their 
repair. Consequently, the most common adverse effects 
are gastrointestinal and cutaneous, as for erlotinib and 
gefitinib.'"* Moreover, given its pharmacodynamic proper- 
ties, afatinib may exhibit more serious toxicity compared to 
reversible EGFR TKIs. Data from the three major Phase III 
trials (LUX-Lung 1,3, and 6) will be used to evaluate these 
two aspects of afatinib tolerability (Table 3).^'''^''"' 

The most frequent adverse effects in afatinib trials were 
diarrhea and cutaneous rash, occurring in 87%-96% and 
78%-90% of patients, respectively Although almost all 
patients experienced at least one of these side effects during 
the treatment, only 6%-17% of them presented grade ^3 
diarrhea and 14%)-16% grade ^3 skin rash.^'*-^^'" Other 
gastrointestinal effects were stomatitis, nausea, vomiting, 
and decreased appetite. Paronychia also appeared frequently. 
All these side effects were also reported in trials evaluating 
reversible EGFR TKIs,'"* but the general perception is that on 
afatinib, they occur at somewhat higher rates and are gener- 
ally worse than those observed with erlotinib and gefitinib. 
For example, the percentage of patients experiencing any 
grade of diarrhea under erlotinib treatment was 57% in the 
EURTAC (EURopean TArceva vs Chemotherapy) trial and 
25% in the OPTIMAL trial.' * In the same studies, grade >3 
diarrhea was observed in only 5% and 1% of patients, 
respectively.' * Also, paronychia and stomatitis were more 
frequent and serious in afatinib studies than in trials with 
reversible TKIs. No clear difference was observed in skin rash 
incidence on erlotinib or afatinib. In LUX-Lung 2, patients 



Table 3 Toxicity profile in the major Phase III clinical trials of afatinib, erlotinib, and gefitinib 



LUX-Lung P° LUX-Lung 3" LUX-Lung 6" EURTAC IPASS^ 

(Afatinib 50 mg) (Afatinib 40 mg) (Afatinib 40 mg) (Erlotinib 1 50 mg) (Gefitinib 250 nng) 





All 


> Grade 3 


All 


> Grade 3 


All 


> Grade 3 


All 


> Grade 3 


All 


2: Grade 3 


Diarrhea 


87% 


17% 


96% 


15% 


90% 


6% 


57% 


5% 


47% 


4% 


Rash/acne 


78% 


14% 


90% 


16% 


81% 


15% 


80% 


13% 


66% 


3% 


Stomatitis/mucositis 


61% 


3% 


73% 


9% 


52% 


5% 


NR 


NR 


17% 


0 


Paronychia 


39% 


5% 


57% 


1 1% 


33% 


0% 


NR 


NR 


14% 


0 


Decreased appetite 


31% 


4% 


29% 


4% 


16% 


3% 


31% 


0 


22% 


2% 


Nausea 


23% 


2% 


25% 


1% 


12% 


0% 


NR 


NR 


17% 


0 


Fatigue 


29% 


6% 


27% 


3% 


17% 


2% 


57% 


6% 


17% 


0 


Vomiting 


20% 


2% 


23% 


4% 


13% 


1% 


NR 


NR 


13% 


0 



Abbreviations: NR, not reported; EURTAC, European Erlotinib versus chemotherapy trial; IPASS, Iressa Pan Asia Study. 
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were treated with either afatinib 50 mg or 40 mg. The toxicity 
profile was slightly better for afatinib at a lower dosage with 
no difference in activity.^^ In particular, lowering the dose 
resulted in a reduction of grade ^3 diarrhea (50 mg vs 40 
mg: 22% vs 7%) and skin rash (50 mg vs 40 mg: 28% vs 7%) 
with no difference in the overall incidence of side effects.^' 
Despite the high percentage of adverse events reported, only 
8%) of patients receiving afatinib discontinued the treatment 
in LUX-Lung 1 and 3.^"'^° In LUX-Lung 6, this percentage 
was even lower (5.9%)}^ In conclusion, it seems that a higher 
incidence of side effects is the price to pay for stronger activ- 
ity. However, the low percentage of patients discontinuing 
the drug suggests that the reported side effects may be easily 
managed and solved. 

Management of adverse events 

As discovered in the past few years with reversible EGFR 
TKIs and even more so for irreversible TKIs, treatment of 
adverse events should be proactive and should start as soon 
as possible after the onset of symptoms. The first step to 
avoid serious side effects is education of patients. In par- 
ticular, a patient should be well-informed on the frequency 
and potential intensity of specific events, the purpose of 
the treatment of such side effects, and the implications of 
delayed treatment. 

Skin rash is the most common adverse event with 
EGFR inhibitors and is usually localized to the face and 
trunk. Other cutaneous side effects may include erythema, 
pruritus, xerosis, and paronychia. Skin effects 
may improve or completely resolve with continued use 
of afatinib, although sometimes dose reduction or drug 
discontinuation are necessary. Patients should be informed 
on prevention measures to reduce the risk of skin effects. 
Firstly, intense exposure to sunlight should be avoided and 
sunscreen should be used on exposed areas (face, neck, 
arms, legs) regardless of season. Moreover, patients should 
wear protective clothing and avoid using harsh detergents. 
When a skin rash is already onset, treatment should be 
given. In the case of grade 1-2 rash, afatinib should be 
continued at the current dose and topical treatment with 
steroids and antibiotics should be prescribed.^'' In the case 
of grade 2 rash, oral antibiotics for 6 weeks may be consid- 
ered instead of topical therapy.^*" In the case of grade 3 skin 
rash, afatinib should be interrupted and the patient should 
be referred to a dermatologist or given oral antibiotics for 
6 weeks. Afatinib should be restarted at a reduced dose 
(10 mg) if the patient recovers to grade I.'*" 



Diarrhea usually appears within the first week from the 
start of afatinib treatment. Early recognition and manage- 
ment of diarrhea is essential to prevent dose reductions 
or discontinuation. Patients should be given anti-diarrheal 
agents (loperamide) when afatinib is started and be advised to 
take this medication immediately with the onset of diarrhea." 
Moreover, patients should be advised to drink an adequate 
quantity of fluids (8-10 glasses of clear fluids) to balance 
the loss through diarrhea and should be given strict dietary 
recommendations. In particular, in the case of grade 1-2 
diarrhea, loperamide should be started immediately (4 mg 
followed by 2 mg after each loose stool, with up to 1 6 mg total 
daily) until bowel movements cease for 12 hours." In the case 
of grade 2 diarrhea, electrolytes should be assessed to avoid 
potential imbalances. When grade s3 diarrhea is present, 
hospitalization is recommended for aggressive intravenous 
fluid replacement and stool cultures." Prophylactic antibiot- 
ics should be considered if the patient is neutropenic." 

Patients' perspectives 

Despite the high frequency and strong intensity of adverse 
events, afatinib treatment improves patients' reported quality 
of life. In LUX-Lung 1, afatinib plus BSC was compared to 
placebo plus BSC. Symptoms and health-related QoL were 
evaluated using the lung cancer-specific European Organiza- 
tion for Research and Treatment of Cancer (EORTC) Quality 
of life questionnaire C30 (QLQ-C30) and Lung Cancer 13 
(LCI3) and EuroQol (EQ-5D) questionnaires at baseline 
and every 21 days.'* A significantly higher proportion of 
patients in the afatinib arm showed improvement in cough 
(P<0.0001), dyspnea (P=0.006), and pain (P<0.0001) 
compared to placebo.'* Moreover, afatinib significantly 
delayed the time to deterioration for cough (/'<0.001), but 
showed only a trend in delaying dyspnea (P=0.170), and 
pain (/'=0.287).'* In the experimental arm, patients reported 
worse diarrhea, sore mouth, and appetite due to the toxicity 
profile of the compound. However, afatinib significantly 
improved QoL in the EQ-5D questionnaire assessment and 
global health status/QoL, physical functioning, and fatigue 
in the assessment through EORTC questionnaires.'* In con- 
clusion, afatinib improved symptoms and QoL of patients 
compared to placebo. 

The same beneficial effect of afatinib on symptoms 
and QoL was reported when the drug was compared to 
chemotherapy in LUX-Lung 3 and 6."'*" In both trials, 
the patients' reported outcomes were assessed using the 
EORTC QLQ-C30 and LCI 3 at baseline and every 21 days. 
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In LUX-Lung 3, a higher proportion of patients in the afa- 
tinib arm experienced improvement in dyspnea compared to 
chemotherapy (/'=0.010).^' In addition, afatinib significantly 
delayed the time to deterioration for cough (P=0.007) and 
dyspnea (P=0.015), but not pain (P=0.19).''' Afatinib sig- 
nificantly improved global health status/QoL (P=0.015) 
and physical (P<OMl), role (/'=0.004), and cognitive 
(P=0.007) functioning compared to chemotherapy. Fatigue 
and nausea were worse with chemotherapy, whereas diarrhea 
(P<0.01), dysphagia (P<0.01), and sore mouth (i'<0.01) 
were worse with afatinib.'' Similarly, in LUX-Lung 6, more 
patients on afatinib had improvement of cough (_P=0.0003), 
dyspnea (/'<0.0001), and pain (P=0.003) compared to 
chemotherapy."" Moreover, afatinib delayed the time to dete- 
rioration for cough (P=0.0001), dyspnea (P<0.0001), and 
pain (_P=0.03).*'' A significantly higher percentage of patients 
experienced worsening diarrhea, sore mouth, and dysphagia 
with afatinib, while fatigue, nausea, and vomiting were worse 
with chemotherapy.'"' However, afatinib improved QoL 
(P<0.0001), physical (P<0.0001), role (P=0.0\), and social 
(P<O.QOl) functioning compared to chemotherapy.'"' 

In general, in these studies, patients reported better out- 
comes if treated with afatinib rather than placebo or platinum- 
based chemotherapy. In addition, afatinib gave significantly 
longer control of lung cancer-related symptoms compared 
to placebo or chemotherapy. This effect was expected, as it 
is widely known from previous studies that EGFR inhibition 
can drastically and quickly improve QoL and functioning of 
patients with EGFR-addicted lung tumors. It will be interest- 
ing to see how afatinib performs in terms of symptoms and 
QoL improvement when compared head-to-head to reversible 
EGFRTKIs in the already ongoing clinical trials. 

Conclusion 

Several trials evaluating afatinib in the clinical setting have 
been published, and preliminary results are available for 
others. Therefore, initial recommendations for the use of this 
agent can be drawn. Afatinib is a very encouraging drug for 
iiCra-mutation-positive advanced lung cancer. Indeed, the 
studies LUX-Limg 3 and 6 showed that afatinib is superior 
to chemotherapy in terms of RR, PFS, and QoL. In these 
trials, PFS seems to be prolonged compared to reversible 
TKIs. However, only the results of the LUX-Lung 7 trial 
will establish if afatinib is better or equal to gefitinib. A head- 
to-head trial comparing afatinib to erlotinib is still missing. 
Considering that it is at a minimum equivalent to reversible 
TKIs, afatinib should be currently considered an alternative 
drug to use for front-line treatment of EGFR-mutatsd patients. 



In particular, afatinib should be used in patients with classical 
mutations in the EGFR gene (exon 1 9 deletions and exon 2 1 
point mutations) and could be considered in the presence of 
07 1 9X and L86 1 Q mutations. Patients with exon 20 insertions 
and de novo T790M should best be treated with chemotherapy 
or included in clinical trials with novel agents. Afatinib also 
showed some activity in patients with EGFR mutations who 
are resistant to both chemotherapy and reversible TKIs, but 
the study that sought to address this question has several biases 
that reduce the strength of its results. Nevertheless, for this 
specific population of NSCLC patients, there is no treatment 
of proven efficacy and the 3^ months prolongation of PFS 
obtained with afatinib should not be disregarded. In EGFR 
wild type advanced NSCLC, data are still too preliminary for 
any kind of statement. 

Taken together, afatinib may be considered as a useful 
potential therapeutic agent that deserves to be better studied 
both in EGFR-matated patients with acquired resistance 
to TKIs and in the EGFR wild type population. To date, 
no targeted drug given as a single agent has been able to 
cure any cancer patients. Therefore, in our opinion, stud- 
ies evaluating combinations of afatinib with other targeted 
agents are warranted. The history of afatinib demonstrates 
how knowledge of the molecular aspects of tumors may help 
researchers to rationally develop new treatment strategies in 
the preclinical setting and improve treatment outcomes in 
clinic. However, future studies should require the manda- 
tory collection of tissue at study entry and at progression 
to better define groups of patients who would benefit more 
from afatinib and the mechanisms of acquired resistance to 
this interesting drug. 
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